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The chewing of the khat leaves, which contain the amphetamine-like cathinone, is a traditional habit in
Somalia. Our objective was to explore the effects of khat use and Posttraumatic Stress Disorder (PTSD) on
paranoid symptoms and to test a potential causal chain. We report on a cross-sectional study in Somalia
that was conducted in 2003. Trained local staff interviewed 8723 personnel of armed groups in seven
regional convenience samples. Of them, 8124 were included in the analysis. We assessed current khat
use, PTSD symptoms, functional drug use and paranoid ideation using items from the Composite
International Diagnostic Interview (CIDI) and the Somali version of the Posttraumatic Stress Diagnostic
Scale (PDS). Applying the causal steps approach, in a series of logistic regression models, we used PTSD as
independent and paranoia as outcome variable; the quantity of khat use was deﬁned as mediator
variable and functional drug use as moderator. The results showed that respondents with PTSD used khat
more frequently. Khat chewers with PTSD reported a higher intake compared to khat chewers without
PTSD. Among excessive khat chewers with PTSD, paranoia was most frequent. The greatest amount of
khat use was among respondents with PTSD who indicated that they found drugs help them to forget
war experiences. The proposed mediated moderation model was supported by the data, i.e. besides the
direct effects of PTSD and functional drug use on paranoia, the amount of khat use appeared to be
a mechanism, by which paranoia is caused. We conclude that in our data we have uncovered a relationship between khat, PTSD and paranoia. Khat is functionally used by respondents with PTSD. Findings
support a dose effect: the more khat consumption and when a respondent has PTSD, the higher the odds
for paranoid ideation. However, the proposed causal chain needs to be conﬁrmed in longitudinal studies.
Demobilization and reintegration programs in Somalia need to be prepared to deal with complex
psychological problems.

Introduction
In Somalia, where internal conﬂict has lasted for more than 20
years now, and in neighboring countries chewing khat leaves is
a traditional practice that is believed to go back to ancient times
(Krikorian, 1983). During the recent decades, the former niche
product khat, which had traditionally only been consumed by
certain regional, ethnic and religious groups, has had a remarkable
boom and its production is now the backbone of several national
economies, for example Yemen or Ethiopia (Anderson, Beckerleg,
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Hailu, & Klein, 2007). In 1996 it was estimated that about 6 million
individual portions are consumed each day on a worldwide scale
(Kalix, 1996). The main psycho-active component within these
leaves is cathinone, (S(-)alpha-aminopropiophenone (Szendrei,
1980). Biomedical research highlights that cathinone resembles
amphetamine in chemical structure and similarly affects the central
and peripheral nervous system as well as behavior (Kalix, 1996)
while the social sciences focus on the cultural functions (Anderson
et al., 2007). Here, we present a study with active combatants in
Somalia, which addresses the functions and consequences of khat
use in relation to war-trauma. We aimed at applying biomedical
concepts as useful tools in the Somali context as suggested by
Zarowsky and Pedersen (2000), taking PTSD into the context of
social suffering and with a special attention for local patterns of
distress and coping (Kienzler, 2008).
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Substance abuse among active combatants to cope with warrelated stress can be considered a global phenomenon (WHO, 2008).
In the USA, substance-related problems as well as PTSD have been
identiﬁed as common problems among ex-combatants (Kulka et al.,
1990) and are seen as risk factors for different aspects of their
readjustment to civilian life (Savoca & Rosenheck, 2000). Functional
use of drugs, especially to control or reduce negative mood states is
common among substance users and predict the amount of
substances used (Boys & Marsden, 2003). Current knowledge
supports the self-medication hypothesis for central nervous system
(CNS) depressants like alcohol, i.e. their use to suppress PTSD
symptoms (Jacobsen, Southwick, & Kosten, 2001). Only a few studies
have ever investigated the functions of stimulant use in PTSD. They
show that individuals with PTSD use CNS-stimulants and that there
is, in general, a functional relationship between stimulant use and
PTSD (Coffey, Schumacher, Brady, & Cotton, 2007). Subjective effects
of CNS-stimulants differ in relation to the PTSD symptom clusters
(intrusion, avoidance, hyperarousal). The intrusive and hyperarousal
symptoms become worse when stimulants are used in moments
when situational cues activate traumatic memories (Coffey et al.,
2002). Other studies report a pleasant effect on the avoidance
symptom cluster, numbing and co-morbid depression (Brady, Dansky, Sonne, & Saladin, 1998; Daly, 2000).
In the Somali tradition, the social act of khat chewing has an
important function for coping with the experience of violence,
especially as the khat session becomes a source of social support
(Zarowsky, 2000). Khat is also used for coping with other kind of
stressors. Rousseau, Said, Gagne, and Bibeau (1998) studied the
unfulﬁlled wishes among young Somalis to leave their country in
order to pursue an academic or professional career abroad. They
describe how in this extended period of transition excessive khat
use is a frequent response to cope with insecurity and hopelessness
and how it contributes to the development of mental illness.
Studies among Somali refugees living in western countries report
khat use in order to cope with the psychological problems associated with staying in a foreign and hostile environment or with past
traumatic experiences (Fangen, 2006; Nabuzoka & Badhadhe,
2000).
Amphetamine-type drugs are an especially dangerous type of
substance to be functionally used to cope with stress or PTSD. They
have been shown to induce psychotic symptoms in experimental
settings in humans (Bell, 1973) and animals (Kalivas & Stewart,
1991) and they exacerbate psychotic states in psychiatric patients
(Angrist, Rotrosen, & Gershon, 1980). These drugs induce lasting
changes in the brain and in behavior (Baicy & London, 2007).
Amphetamine-type stimulants and stress lead to cross-sensitization in animal models for psychosis (Kalivas & Stewart, 1991). Crosssensitization of amphetamine use and stress to the re-emergence of
psychotic symptoms has recently been identiﬁed among humans in
a highly controlled prison environment (Yui et al., 2001). Also khatinduced psychotic states have been described in over 20 case
reports (Warfa et al., 2007) and, recently, community-based studies
showed that khat use is associated with severe psychiatric problems (Bhui et al., 2006). Furthermore, khat use has been identiﬁed
by caretakers as one of the main cause of relapse among psychotic
patients in Ethiopia (Bimerew, Sonn, & Korlenbout, 2007). While
moderate khat chewing may elicit psychotic symptoms only in
especially vulnerable individuals, excessive and prolonged use
seems to be noxious particularly when started early in life (Advisory Council on the Misuse of Drugs, 2005). Excessive abuse has
become a common phenomenon among combatants in Somalia
during the course of the ongoing conﬂict (Odenwald, Hinkel, et al.,
2007). In a cross-sectional study in Hargeisa, Somaliland, 16% of
former combatants were severely impaired in their everyday
functioning due to psychiatric problems, consisting mostly of

psychotic disorders and associated excessive khat abuse (Odenwald
et al., 2005). This study revealed a signiﬁcant relationship between
the amount of khat use and the number of traumatic events
experienced. In another study with 64 Somali ex-combatants, we
found a prolonged khat use among respondents with PTSD and that
8 of 14 individuals with PTSD also had co-morbid psychotic features
(Odenwald, Lingenfelder, et al., 2007). In this context, it is important to acknowledge that a substantial number of ex-combatants
with PTSD have secondary co-morbid psychotic symptoms, which
mostly consist of auditory hallucinations, paranoid and referential
delusions and which are related to more severe PTSD symptoms
and to more behavioral problems (Braakman, Kortmann, & van den
Brink, 2009). Recently, early trauma exposure was identiﬁed as
a risk factor for the development of schizophrenia and PTSD was
linked to the development of psychosis on different levels (Seedat,
Stein, Oosthuizen, Emsley, & Stein, 2003). Studies on the effects of
stimulant use on co-morbid psychotic features among individuals
with PTSD are lacking.
In non-western (post-)conﬂict zones, little is currently known
about these complex problems related to PTSD, functional drug use
and related complications (Mogapi, 2004). This lack of information
hinders the efforts made by disarmament, demobilization and
reintegration (DDR) programs in many post-conﬂict countries, i.e.
to develop adequate medical and psycho-social tools that respect
the local patterns of suffering and coping.
Through this study we wanted to increase the knowledge of
psychological problems in (post-)conﬂict Somalia that appear to be
related to reintegration failure of ex-combatants in order to
improve future DDR programs. We especially aimed at getting
a more complete picture about a complex phenomenon, disentangling the effects of khat use and PTSD on psychotic symptoms.
The adverse effects of khat use have recently been questioned and
the hypothesis has been introduced that all psychopathology in the
reported community-based studies can be explained by stress
exposure alone (Pennings, Opperhuizen, & van Amsterdam, 2008).
We used a large cross-sectional data set that had not been analyzed
with respect to mental health aspects other than drug use (Odenwald, Hinkel, et al., 2007).
Our hypotheses were that both factors, PTSD and khat use would
explain part of the variation of psychotic symptoms. Based on the
reviewed literature, we conceptualize PTSD as an independent
variable, paranoia as an outcome, and khat use as a mediating
variable. A mediating variable represents a mechanism, by which
the independent variable exerts its effect on the dependent variable.
Furthermore, we assumed that the trait-like characteristic functional drug use plays a moderating role, i.e. by independently
inﬂuencing the motivation to use khat. More speciﬁcally, a person
with a high posttraumatic symptom level who experiences the
effects of khat or other drugs as helpful to cope with traumatic
memories or other posttraumatic symptoms will probably use more
of it compared to another person with the same symptom level but
who doesn’t experience this drug effect. In Fig. 1, we graphically
display the hypotheses. In our study, we took typical cultural
phenomena in Somalia into consideration, including the common
belief in spirits or witchcraft, which should not necessarily be seen as
signs of psychopathology (Ndetei, 1988). In Somalia, the beliefs in
ghosts, spells or jinx must be considered non-psychiatric
phenomena, as well as some forms of spirit possession (e.g. ‘‘Zar’’).
Methods
Design, sampling and participants
Our data originate from a study among personnel of armed
groups, which was conducted as a small part of a preparatory
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Fig. 1. Graphical depicted hypotheses. A) Simple mediation: Additionally to the direct effect that PTSD exerts on paranoia, khat is responsible for an indirect effect, i.e. khat is
a mediating variable between PTSD and paranoia. B) Mediated moderation: the direct effect of PTSD on paranoia is moderated by the relatively stable individual characteristic
Functional Drug Use; the quantity of khat use is the mechanism that mediates this moderating effect.

project for an international DDR program. In 2003, international
organizations estimated that the total number of men under arms
lies between 70,000 and 80,000 in Somalia (Hinkel, 2004). Of them
17,600 were in Somaliland, 6500 in Puntland (Smith, 2002), and
approximately 17,000 in Mogadishu (Hinkel, 2004). Given that the
country remains in armed conﬂict, it was not possible to apply
random sampling methods. Thus, we drew seven large convenience
samples in seven parts of the country. The use of convenience
samples does not allow for the estimation of biases, and thus
prevalence estimates must be interpreted with caution. However,
in this study we assumed that selection biases would still allow us
to study the associations of variables.
The seven parts of Somalia with the highest estimated military
staff density were selected for interviews, including major population centers and rural areas: In the North of Somalia, we included
Somaliland and Puntland; in central Somalia, Hiran; and in southern
Somalia Bay/Bakol, Mogadishu and Kismayo. Mogadishu was
divided in two samples according to the ‘‘green line,’’ which divided
the town between main factions at the time of the interviews.
Mogadishu South included the Lower Shabelle region with the town
of Merka. For a more detailed description of sampling methods,
please refer to Odenwald, Hinkel, et al. (2007). In every region, we
aimed to assess a minimum of 600 respondents, including as many
factions and armed groups as possible, with the request that
a minimum of one unit within the overall structure be completely
assessed. We had no access to basic information concerning the
units (e.g. actual size of units) chosen for this assessment.
Interviews were conducted between August and December
2003. The interviewers went directly into a compound used by the
respective militia or units to conduct the individual interviews in
a place that provided as much privacy as possible, e.g. in a separate
room.
In total, 8723 militiamen and security staff were interviewed;
587 of them were excluded from the analysis because they denied
their consent after being informed about the purpose of the study
(empty sheet returned) or during the interview (6.7%) and 12
because their interviewers did not fulﬁll minimal standards (a
minimum of ten interviews per interviewer was required), resulting in 8124 (93.1%) interviews entering statistical analysis. We
reached about 11% of the total estimated number of armed
personnel in all Somalia. Of them, 4070 belonged to regional
authorities and 2290 to warlord factions, 1090 were members of
freelance and clan-based militia, 481 of sharia court militias, and 78
members of business militias.
Respondents’ socio-demographic characteristics are reported in
Table 1. In our sample, we had 882 women (10.9%) and 7242 men
(89.1%). 758 of the women were from northern Somalia (85.9%). On
average they were 37.3  12.6 years of age and 67.5% were married.

Less than half of them had completed primary education and even
less had received any vocational training. Only about two thirds
reported combat experience.
Instrument
Questions and their answers were developed in English by an
interdisciplinary team consisting of Somali and international
experts with a particular focus on cultural adequacy, and then
translated and independently back-translated by professional
translators. In case the back-translation revealed a mismatch in
semantic content, the item was revised in this group and then once
again independently back-translated.
PTSD
We assessed symptoms of PTSD using items of a modiﬁed
version of the Posttraumatic Stress Diagnostic Scale (PDS; Foa,
1995). The PDS is a widely used self-report instrument for the
assessment of PTSD according to the DSM-IV with good psychometric properties and validity, i.e. Cronbach’s Alpha of 0.92, restretest reliability of 0.83, and a kappa of 0.74 compared to the SCIDPTSD module (Foa, Cashman, Jaycox, & Perry, 1997). In a study with

Table 1
Socio-demographic variables of respondents. Point estimates are uncorrected means
and standard deviations (in brackets) or proportions and 99% CIs. Bracket in heading
is total N.
Variable

Mean (SD) or proportion;
CI 99% (8124)

Age
Proportion of male respondents
Proportion of married respondents
Number of dependants
Proportion of respondents
with at least completed
primary education
Proportion of respondents
with any vocational training
Proportion of respondents
with combat experience
Age of ﬁrst combata
Years in combata
Proportion of respondents
with khat use in the
previous week
Amount of khat use in
previous weekb

37.3 (12.6); 36.9–37.7
89.1%; 88.2–90.0
67.5%; 66.2–68.8
6.2 (5.7); 6.0–6.4
44.4%; 43.0–45.8

a
b

23.4%; 22.2–24.6
65.1%; 63.7–66.5
22.9 (8.7); 22.6–23.2
1.9 (2.6); 1.8–2.0
36.4%; 35.0–37.8

9.8 (11.4); 9.3–10.3

refers to respondents with combat experience (5287).
refers to bundles of khat used by respondents with current khat use (2955).
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64 Somali ex-combatants (Odenwald, Lingenfelder, et al., 2007), the
Somali version of the PDS achieved a Cronbach’s Alpha of 0.86 and
referenced to the Composite International Diagnostic Interview
PTSD module (World Health Organization, 1997) a sensitivity of
0.90 and speciﬁcity of 0.90 (k ¼ 0.69, p < .001). Based on this
preparatory work, we selected ﬁve symptom items of the Somali
PDS, in order to screen for PTSD: unwanted memories of the
traumatic event, avoidance of talking about or thinking about the
traumatic event, the sense of a shattered future, sleeping problems
and exaggerated startle. Additionally we asked one question to
assess for PTSD criterion A, as speciﬁed by DSM-IV (exposure to lifethreatening events and individual reaction of intense fear, helplessness or horror): ‘‘Did you ever feel helpless or horriﬁed when
you were in a situation in which your life was in danger or when
you directly observed that somebody else’s life was in danger?’’ All
PTSD items were coded in a yes–no format related to the past four
weeks. The scale made of the ﬁve symptom items demonstrated
good internal consistency (Cronbach’s Alpha ¼ 0.78). Screening
PTSD was coded when all ﬁve symptom items and the event item
were answered positively. Against the CIDI diagnosis of PTSD,
screening PTSD as deﬁned above, had a speciﬁcity of 0.96 and
a sensitivity of 0.55; the inter-rater reliability was above chance
(kappa ¼ 0.57, p < .001). Assuming a true PTSD prevalence of
approximately 20% in this population (Odenwald, Lingenfelder,
et al., 2007), this means that among 100 subjects, 3 out of 80 nonPTSD cases would be not correctly classiﬁed and 9 out 20 PTSD
cases would not be detected – in sum, 78.6% of screening PTSD
cases have PTSD. This is a relatively conservative detection procedure, which underestimates the true PTSD prevalence but minimizes the inclusion of non-PTSD cases.
Khat intake was assessed for by asking about the individual’s
khat intake during the previous week: First we asked whether the
interviewee would use the ‘‘Herari’’-type khat from Ethiopia or the
‘‘Miraa’’-like variety from Kenya. If a positive answer was given, we
asked to estimate the number of ‘bundles’ (traded units) consumed
in the last week. We trained the interviewers to assist respondents
to estimate their khat use in relation to the bundles that they
normally consumed, even when they had consumed single twigs or
leftovers from others (‘‘How many bundles of the type of khat you
normally consume would this be?’’). This method proved to be
reliable and valid in our previous studies, e.g. a high correspondence to other methods to quantify khat use and signiﬁcant
correlations to measures of psychopathology (Odenwald, Lingenfelder, et al., 2007; Odenwald et al., 2005).
Functional drug use
In order to explore whether substance use serves in a functional
way, i.e. to reduce suffering related to PTSD symptoms, we asked
the following question: ‘‘Does khat or other drug use help you to
forget your stressful war experiences?’’ The answer was coded in
a yes-no format.
Psychotic symptoms
Paranoid delusions are the most frequently observed psychotic
symptoms induced by excessive khat use (Odenwald, 2007) and are
a common symptom of PTSD with co-morbid psychotic features
(Braakman et al., 2009). They were assessed by item G4 of the
Composite International Diagnostic Interview (CIDI, World Health
Organization, 1997); ‘‘Do you think that someone is plotting against
you or trying to hurt or poison you?’’). Interviewers were trained to
ﬁrst read the item. In case the interviewee gave a positive answer,
the interviewer asked him to explain why he thinks so. The interviewers were instructed to rate whether the respondent’s answer
referred to a real danger, to a non-psychotic expression of a culturetypical belief (Ndetei, 1988) or to a clinical symptom. Only in the

latter case would the item be counted as positive (yes–no format).
This single item coding of psychiatric symptoms is frequently used
to assess psychiatric symptoms (Bhui et al., 2003).
Interviewers, training and supervision
Interviewers were staff of local NGOs with interviewing experience in mental health or psycho-social assessments (N ¼ 38).
Prior to data collection, a 14-day training course was conducted.
The training contained introduction of clinical concepts and
research design, role-plays and ﬁeld exercises. Contact with interviewers was maintained throughout the assessment phase by
satellite phones, radio and ﬁeld visits by one Somali team member.
Approval and ethics
The Cease Fire, Disarmament, and Demobilization Committee
(Committee 2) of the Somali Peace and Reconciliation Conference
in Mbaghati, Nairobi, the National Demobilization Commission in
Hargeisa, the Somalia Unit of the European Commission (Nairobi),
the German Agency for Technical Cooperation, International
Services (Nairobi) approved the assessment. All participants were
informed before the interview about the purpose and method of
the interview, conﬁdentiality and about the possibility to discontinue the interview at any time without negative consequences.
All participants were assured that a refusal to participate would not
be reported to superiors. Interviews were only conducted after
respondents had given verbal consent. We accepted oral consent
because of the high rate of illiteracy.
Statistical analysis
Data were analyzed with SPSS 11.0 for Macintosh. We report
uncorrected proportions in percents and for continuous variables,
uncorrected means and standard deviations (M  SD). We calculated 99% conﬁdence intervals (CIs) for all point estimates. Because
of interpretation problems of data from convenience samples, we
wanted to focus on the clearest differences and opted for Alpha
0.01. Group differences were analyzed using one-way ANOVA or ttest (Kruskal Wallis or Wilcoxon in case the prerequisites were not
met) and Chi2 test (Fisher’s exact test in case prerequisites were not
met). We opted against post-hoc tests and relied on 99% CI for
further group differences. Phi was used to express the correlation
between two dichotomous variables. In order to explore the effects
of functional drug use and PTSD on the quantity of khat
consumption, we used univariate ANOVA. Here we report 99% CI
based on the estimation of standard errors when keeping the other
factor constant. We tested a potential causal network of the above
reported variables using the moderator-mediator approach (Baron
& Kenny, 1986) and its further development (Muller, Judd, & Yzerbyt, 2005) relying on binary logistic regression models (MacKinnon
& Dwyer, 1993). In six logistic regression models predictors were
subsequently entered in two blocks into the equation regardless of
their prediction power (enter). Control variables in block 1 were
entered always into models: age (continuous), gender (reference:
female), primary education (reference: primary education not
completed) and marital status (reference: not married/divorced).
Variables of interest and their interactions were entered in block 2
according to the speciﬁc model: PTSD (reference: no PTSD), functional drug use (reference: no) and a dichotomized variable of the
quantity of khat bundles chewed in the week before the interview
(khat quantity; reference: lower khat use). The variable was created
using the median of the khat bundles distribution among respondents with PTSD as cut-off. For all three variables of interest we
used a binary coding in order to minimize complexity. As suggested
by Muller et al. (2005), we don’t apply statistical test for the
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complex interaction of mediation and moderation. Model ﬁt was
tested using the likelihood ratio test.
Results
Parameter values
Khat use
Khat chewing during the last week was reported by 2955
participants (36.4%, 99% CI 35.0%–37.8%). Khat chewing was
reported more frequently in the South of the country (26.2%, 99% CI
24.4–27.6 vs. 50.7%, 99% CI 47.8–52.2; p < .001). Only 12 women
(1.4%, 99% CI 0.3–2.3) in contrast to 2943 men (40.6%, 99% CI 38.5–
41.5) reported khat use in the previous week (p < .001), three of
them in northern Somalia. On average, participants consumed
3.6  8.3 bundles of khat in the previous week (99% CI 3.4–3.8). The
12 khat chewing women, had consumed the same amount of khat
as male chewers in the week before the interview (female vs. male:
12.8  19.1, 99% CI 0.0–27.0 vs. 9.7  11.3, 99% CI 9.2–10.2; p ¼ .907).
PTSD
PTSD was found in 456 subjects (5.6%, 99% CI 4.9–6.3); in the
North of the country, PTSD was seldomly found (2.1%, 99% CI 1.5–2.5
vs. 10.6%, 99% CI 9.5–12.5; p < .001). Only 16 females were found
with PTSD (female vs. male: 1.8%, 99% CI 0.7–3.0 vs. 6.1%, 99% CI
5.3–6.7; p < .001). Of them, 4 were from the North. Khat chewing
was more frequent among subjects with PTSD (66.2%; 99% CI 60.5–
71.9 vs. 34.6%, 99% CI 28.8–40.4; p < .001), and khat chewers with
PTSD consumed higher quantities than khat chewers without PTSD
(18.8  16.3 bundles, 99% CI 16.8–20.8 vs. 8.7 , 10.2, 99% CI 8.4–9.0;
p < 0.001).
Paranoid ideation
Paranoid ideation was found in 396 respondents (4.9%, 99% CI
4.3–5.5). In the North, we found paranoid ideation more seldomly
(1.8%, 99% CI 1.3–2.3 vs. 9.2%, 99% CI 7.8–10.4; p < .001). Only 12
female respondents reported paranoid ideation, less than among
males (1.4%, 99% CI 0.3–2.3 vs. 5.3%, 99% CI 4.6–6.0; p < .001).
Among respondents with PTSD, this rate was 26.1% (99% CI 20.8–
31.4), among those without PTSD it was 3.6% (99% CI 3.0–4.2;
p < .001). Among khat chewers, this rate was with 8.9% (99% CI 7.5–
10.3) higher than among non-khat chewers (2.6%, 99% CI 2.0–3.2;
p < .001).
Functional drug use
In total, 1577 subjects (19.4%, 99% CI 17.9–20.1) afﬁrmed that
khat or other drug use would help to forget their stressful war
experiences. This proportion was smaller in the North of the
country (5.3%, 99% CI 4.5–6.1 vs. 39.3%, 99% CI 36.8–41.1; p < .001).
Of them, 18 were female (female vs. male: 2.0%, 99% CI 0.8–3.2 vs.
21.5%, 99% CI 19.8–22.2; p < .001). Among all respondents, subjects
with PTSD (456) more frequently indicated that khat or drugs help
them to forget stressful war experiences compared to subjects
without PTSD (7667; 77.6%, 99% CI 91.9–82.1 vs. 16.0%, 99% CI 13.9–
16.1; p < .001). This was also the case if we restricted our analysis to
only those respondents with lifetime combat exposure (5286;
79.7%, 99% CI 73.5–84.5 vs. 22.3%, 99% CI 20.5–23.5; p < .001), to
current khat users (2.955; 95.3%, 99% CI 91.8–98.2 vs. 40.5%, 99% CI
37.6–42.5; p < .001) or to current khat users with lifetime combat
exposure (2261; 96.0%, 99% CI 92.8–99.2 vs. 48.6%, 99% CI 45.1–
50.8; p < .001).

In Table 2, we report the probabilities to be screened positive for
paranoia among groups of respondents relative to functional drug
use and PTSD. At both levels of functional drug use PTSD is associated with an increased probability for paranoia (p < .001).
Comparing veterans with PTSD who found khat or drugs helpful
with those who did not, we found that the former report more
psychotic symptoms (p ¼ .007).
The comparison of all those respondents who ﬁnd khat or drugs
helpful to forget stressful war experiences with those who don’t
regardless of PTSD, reveals that among the former 82.7% (99% CI
79.5–84.5) report that they’ve experienced upsetting memories
related to past war events in the last 4 weeks compared to 29.8%
(99% CI 27.4–30.6) of the latter (Phi ¼ .44; p < .001).
Testing the hypotheses
Are respondents with PTSD functionally using khat? We compared
the amount of khat use between groups with and without PTSD and
with and without functional drug use. Using univariate ANOVA we
found main effects of PTSD (F ¼ 37.199; df 1; p < .001) and functional drug use (F ¼ 693.108; df 1; p < .001) and an interaction
effect of both variables (F ¼ 60.493; df 1; p < .001) on self-reported
khat use (Total Adjusted R2 .214). In Fig. 2, we graphically display
this interaction effect. Subjects who indicated that khat helps them
to forget war experiences used signiﬁcantly more khat in the
previous week when they also had PTSD compared to the ones
without PTSD (15.7  11.1 bundles, 99% CI 14.7–16.7 vs. 9.7  11.9,
99% CI 9.2–10.3; p < .001); in contrast, among subjects who denied
functional drug use, amounts of khat use tended to be higher when
no PTSD was found (1.0  3.2, 99% CI 0–2.9 vs. 1.8  5.1, 99% CI 1.5–
2.0; p ¼ .017). When repeating this analysis for the North and the
South of Somalia separately, the PTSD effect and the interaction
effect were found only in the South.
Can PTSD and khat use explain psychotic symptoms? We hypothesized that PTSD is a risk factor for psychotic symptoms and that
khat use is mediating this relationship. In order to graphically
explore this relationship, we divided the whole group into
subgroups according to PTSD and the amount of khat consumed in
the past week: respondents without khat use, and four groups of
khat users of sufﬁcient size (Fig. 3). Groups were deﬁned using the
quartiles of the khat use distribution in the group of khat chewers
with PTSD. The proportion of respondents with paranoid ideation
increases in the subgroups with and without PTSD when khat use
increases; only in the group with highest khat use (>24.5 bundles
per week), does the proportion of respondents with paranoid
ideation decline.
In all subgroups, respondents with PTSD had a higher proportion
of paranoid symptoms compared to respondents without PTSD.
The correlations between variables in our model are depicted in
Table 3.

Table 2
Proportion of respondents with paranoid symptoms among ex-combatants with and
without PTSD and with and without functional drug use. We report percentages,
99% CI (italic), and N (in brackets).
PTSD

Functional drug use

Without (6546)

With (1577)

Without (7667)

With (456)

2.0%
1.56–2.43
(128 of 6444)
12.2%
9.81–14.59
(149 of 1223)

15.7%
5.9–24.1
(16 of 102)
29.1%
22.8–35.2
(103 of 354)
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Table 3
Correlation between variables in the binary regression model. We report Phi and N
(in brackets).

(Does khat or other drugs help you to forget your stressful war experiences?)

khat bundles last week

20
15.7

without PTSD
with PTSD
15

PTSD
Functional
drug use
Khat quantity

PTSD

Functional drug use

Khat quantity

Paranoia

–

0.359** (8123)
–

0.222** (8124)
0.384** (8123)

0.240** (8124)
0.253** (8123)

–

0.172** (8124)

**p < .001.
9.7

10

1.0

5
1.8

0
6,444

102

no, it does not help

1,223

354

yes, it helps

Fig. 2. Khat use in active personnel of armed groups in Somaliland. Comparison of
khat use between groups of respondents with and without PTSD and with and without
the subjective evaluation of khat and drugs as being helpful or not to forget warrelated memories. We report the average number of khat bundles consumed in the
previous week and 99% CIs. Below the bars, we report N.

drug use was hypothesized to moderate the effect of PTSD on
paranoia through the mediating mechanism of khat use quantity.
Likelihood ratio tests were computed against the prior model. The
signiﬁcant interaction term in model 4 indicates the existence of
the simple moderation effect. This model achieved a better overall
ﬁt than the simple model 1 (p < .001). The interaction term in
model 5 and the signiﬁcant simple effect of khat quantity in model
6 indicate mediated moderation. The most complex model achieved a better ﬁt than the simple moderation model (p < .001).
The data-based model is depicted in Fig. 4.
When repeating logistic regression and ANOVA without women,
the same results were achieved.
Discussion

In a set of three binary logistic regression models we tested
a simple mediation model with khat use as mediating variable
(Table 4). Age, gender and to a lesser extent, education are statistically signiﬁcant covariates. Models 1–3 clearly show that there’s
no simple mediation effect (indirect effect) of khat quantity as
indicated by a non-signiﬁcant interaction term in model 3. In
models 4–6 (Table 4) we tested the more complex mediated
moderation model in which the trait-like characteristic functional

Fig. 3. Percentage of respondents with paranoid ideation. Groups were deﬁned
according to quantity of khat use in previous week and Posttraumatic Stress Disorder
(PTSD). Groups of khat users were computed based on the quartiles of amount of khat
use within the group with PTSD. Error bars correspond to 99% CIs. Below the bars, we
report N.

We report on a large cross-sectional study with personnel of
armed groups in Somalia, which uncovered the effects of khat
use and PTSD on psychotic symptoms in ex-combatants. Our data
support the hypothesis that PTSD and khat use have distinguishable effects on paranoia. This result contradicts the opinion
among experts who argue that in studies with khat using
migrants all psychopathology can be explained by exposure to
stress (Pennings et al., 2008). Our data furthermore support the
hypothesis that PTSD causes the use of higher quantities of khat.
The increasing quantity of khat use appears to be one possible
mechanism by which paranoia is caused, but especially among
those individuals with PTSD, who functionally use it to cope with
unpleasant emotions and symptoms. However, our data stem
from a cross-sectional study and cannot be considered a proof of
this speciﬁc causal chain that we proposed. Our data can be
interpreted in the light of several possible causal chains, e.g.
alternatively that paranoid individuals use khat in order to
maintain themselves alert, as this is one of the traditional functions of khat use during religious ceremonies. However, based on
the literature review above, we believe that the most plausible
direction of causality is that paranoia is the outcome and PTSD
and khat use increase its risk. Still, several hypothesis are
possible within this causal chain, e.g. is it only because of their
higher khat use that they are more likely to develop psychotic
symptoms or because PTSD renders individuals more vulnerable
for the psychotomimetic effects of khat? These different possible
causal hypotheses should be tested against each other in future
qualitative and quantitative studies, including experimental and
longitudinal designs. The numeric values of all point estimates
must be interpreted with caution because we only used
screening instruments and the sampling methods that were used
would not allow for estimation of biases.
Our ﬁndings are in line with a general ‘dose-response effect’
hypothesis, i.e. an increased risk for the development of paranoia
exists in subjects with PTSD and further increases when more khat
is consumed. Our ﬁndings are in accordance with the literature, as
excessive khat use has previously been found to promote psychotic
disorders (Odenwald, 2007; Warfa et al., 2007) and PTSD may have
co-morbid psychotic features (Braakman et al., 2009). Furthermore,
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Table 4
Please note that in table 4, the line feed of the colums Predictor variables (left side of the table) is different than the same column at the right side. Please also note that the
headings (Model 1 - 6) the brackets start in the line or in the next line; better would be to let them start all in the next line. Test of simple mediation and mediated moderation.
We report here six binary logistic regression models. Abbreviations: b, unstandardized binary regression coefﬁcient. Wald, Wald statistic. DV, dependent variable.
Testing simple mediation

Testing mediated moderation

Predictor
variables

Model 1
(DV Paranoia)
b

Wald

b

Wald

b

Wald

Age
Gender
Marital status
Primary
education
PTSD
Khat
quantity
PTSD  Khat
quantity

.024
1.221
.206
.109

20.157**
16.535**
3.014
.994

.041
3.439
.188
.059

118.030**
47.247**
5.601*
.701

.019
1.001
.164
.113

11.874*
10.965*
1.881
1.061

2.032

258.883**

1.582

224.058**

1.905
1.085

116.553**
59.108**

.327

1.596

Likelihood
ratio (df)

Model 2
(DV Khat quantity)

Model 3
(DV: Paranoia)

2844.873 (5)

Predictor
variables

Model 4
(DV: Paranoia)
b

Wald

b

Wald

b

Wald

Age
Gender
Marital status
Primary
education
PTSD
Functional
drug use
PTSD  Functional
drug use
Khat quantity
Functional drug
use  Khat
quantity
Likelihood
ratio (df)

.012
.708
.140
.009

4.538*
5.337*
1.387
.007

.030
2.962
.126
.191

56.875**
34.748**
2.300
6.531*

.010
.639
.136
.022

2.920
4.321*
1.281
.040

2.110
1.762

53.320**
181.485**

0.730
1.734

2.008
450.249**

2.146
1.625

54.880**
119.752**

1.031

10.104*

1.596

9.068*

1.167

12.788**

.552
.022

4.046*
.005

2,663,346
(7)a

Model 5
(DV: Khat quantity)

Model 6
(DV: Paranoia)

2646.309
(9)b

* p < .05, ** p < .001.
a
Likelihood ratio test against Model 1, p < .001.
b
Likelihood ratio test against Model 4, p < .001.

it is consistent with our previous work, which already had suggested the possibility of an association between khat use, trauma
and psychosis (Odenwald et al., 2005).
In the literature it is well ackowledged that in the Somali culture
the khat session per se is a source of social support to cope with
Simple illustration of the final model:

A

Functional Drug Use

Khat

PTSD

Paranoia

Full illustration of the final model:

B

+2.146

PTSD

Paranoia

+1.625

Functional Drug Use

-1.167
+1.734

+.552

Khat Quantity
PTSD x Functional Drug Use

+1.596

Fig. 4. Data-based model of mediated moderation: A) Simpliﬁed model (arrows of
unsupported effects are omitted). B) Full description with logistic regression coefﬁcients: The arrows represent signiﬁcant effects from models 4–6. The reported coefﬁcients are unstandardized logistic regression coefﬁcients. PTSD and functional drug
use have direct effects on paranoia, i.e. respondents with PTSD and those, who report
functional drug use, have a higher odds for paranoia. At the same time, functional drug
use has an indirect effect via khat quantity, meaning that those who report functional
drug use also report higher amount of khat use. The moderation effect of functional
drug use is indicated by the direct effect of the interaction term on paranoia. The
negative sign of the respective coefﬁcient means that the odds ratio (p(paranoia¼1)(PTSD)/p(paranoia¼1)(no PTSD)) is higher for those respondents who do not report
functional drug use compared to those who do; but the absolute risk of those who
report functional drug use is much higher. The mediated moderation becomes clear by
the interaction effect on khat quantity and the simple effect of khat quantity on
paranoia.

experienced trauma. Here we describe that khat itself is used to
cope with trauma. These data add another piece of evidence in
favor of the hypothesis that traditional patterns of khat consumption have changed profoundly. Results indicate that khat use has
a new function, i.e. to modify emotions related to experienced wartrauma and to cope with symptoms of PTSD. This result corresponds well to the literature on PTSD and stimulant use, which
shows its functional use for depression (Brady et al., 1998). In this
sense, khat use needs to be acknowledges as an important part of
the local patterns of coping but also as an additional source of
distress when it becomes compulsive and causes additional
psychopathology. Our ﬁndings also point at inter-individual
differences in khat’s effects. We would presume that the difference
between those respondents with PTSD who ﬁnd khat helpful and
those who don’t might be related to the current psychiatric
symptom characteristics. For instance, those with co-morbid
depression might be more likely to experience positive effects (i.e.
cheering-up) while those with chronic hyperarousal or with
a tendency to react with psychotic features might ﬁnd the effects
unpleasant.
Our data revealed that there are clear gender differences. Men
present more frequently with PTSD than women and were more likely
to use khat and were more often paranoid. This result is in accordance
with traditional practices, i.e. that khat is a predominantly male drug.
However, it is likely that answers might be biased by the possibility
that women are less likely to disclose khat use than men.
In northern Somalia the subgroup with PTSD and very high khat
use is hardly represented in our sample. Among the regular armed
forces in northern Somalia, persons with mental health problems
would not be tolerated, are more likely to have been released from
service and, thus, would not be part of the interviewed population.
This explains the percentage ‘‘drop’’ in the last quartile in Fig. 3. In
contrast, in southern Somalia there was active ﬁghting, state failure
and no social welfare system. In this situation, an armed group,
which is usually deﬁned by ethnic kinship, takes on the responsibility of caring for severely ill members.
Our data have high relevance for future DDR activities in the
region. The international community needs to be prepared for
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a large number of ex-combatants suffering from drug abuse and
complex psychiatric disorders that reduce their ability to reintegrate into civil society. Thus, special attention should be paid to the
development of adequate psycho-social and medical support. In
our eyes, there is substantial evidence to justify the allocation of
scarce resources to mental health programs. We believe the international community needs to seriously invest in research activities
that increase the knowledge on reintegration of ex-combatants.
The reported data also might contribute to the understanding
of psychotic disorders in general: The behavioral sensitization
paradigm is thought to provide insight into the neural substrate of
both drug-induced and idiopathic psychosis (Kalivas & Stewart,
1991); while developed in laboratory context, it has recently
proved validity for the explanation of psychotic symptom relapse
in humans (Yui et al., 2001). Based on these studies and our
ﬁndings, we speculate that the latent vulnerability for the development of psychotic disorders might not just be triggered but
even acquired by early onset or excessive khat use in combination
with the exposure to traumatic stress and or the development of
PTSD.
Some critical points might be raised concerning the methods we
used. The present sample might not have been representative and
our assessment method might have led to an underestimation of
the prevalence of PTSD and khat use. However, the uncovering of
relations does neither require a representative sample nor accurate
point estimates. The observation of a systematic effect despite the
present shortcoming indicates a high power of the detected effects.
Moreover, our study could be criticized because in developing
countries, paranoia might not be related to disorders of the
schizophrenia spectrum but rather be an unspeciﬁc symptom
(Manton, Korten, Woodbury, Anker, & Jablensky, 1994). Against this
view we argue that in another sample (Odenwald, Lingenfelder,
et al., 2007) we assessed a broad range of positive psychotic
symptoms and found similar results. Paranoid symptoms are relevant signs of vulnerability for psychotic disorders, as shown in
studies of the continuum model of psychosis and psychosis
proneness (van Os, Verdoux, Bijl, & Ravelli, 1999). Another point of
criticism might be the quantitative assessment of khat consumption. Numerous qualities of khat with different contents of psychoactive agents are known (Al-Motarreb, Baker, & Broadley, 2002).
But there is reason to believe that there is a positive relationship
between the consumption of traded units and consequences
(Odenwald, Hinkel, et al., 2007). We argue, as have other
researchers (Dhadphale & Omolo, 1988; Kassim & Croucher, 2006;
Mion & Oberti, 1998; Patel, Wright, & Gammampila, 2005), that the
assessment of traded units is a viable compromise in the absence of
other quantitative methods applicable under present ﬁeld conditions. Our assessment methods can be criticized because we relied
on a small number of items and because the PTSD screener had
a limited sensitivity. However, in previous studies, we had
demonstrated the reliability and validity of our screening method
for PTSD (Odenwald, Lingenfelder, et al., 2007) and the single-item
assessment of psychiatric symptoms with the clinical interview
method is frequently used in psychiatric research. Furthermore, the
CIDI was developed and validated to be used by trained lay interviewers. Finally, another criticism might be that the subjects’ report
of drug use as a means to ameliorate PTSD symptoms might, in fact,
be khat addiction since it is well known that withdrawal symptoms
can reactivate PTSD symptoms (Jacobsen et al., 2001). If this is true,
the reactivation of PTSD symptoms can be understood as an
endpoint of a development, in which functional drug use possibly
plays a role in the initiation and dependency contributes to maintaining drug use. Thus, when PTSD symptoms are reactivated in
states of withdrawal, and, thus khat is consumed, this is still
functional use. It is part of a complex psychiatric condition in which

the distinction between single disorders is somehow artiﬁcial
although they all need to be taken into account, particularly when it
comes to treatment.
Khat is a substance with an astonishing complexity – its indisputable cultural value and traditional social use, its link to Muslim
traditions, the speciﬁc history of regulation attempts, its recent
economic boom in countries plagued by underdevelopment and
conﬂict, providing livelihood to millions of people, its link to global
markets and migration movements, the newly emerging patterns
of excessive use, its marked health consequences, and last but not
least its capacity to divide the public in many countries, as well as
the heated academic controversy around it. This leads to a situation
in which a comprehensive and balanced view is hard to reach,
harder than in the case of other substances. We believe that
gaining a deeper understanding of the multi-faceted aspects of
khat through social science and biomedical research is the only way
to cut this Gordian knot.
When it comes to intervention, the problems associated to khat
cannot be simply solved by a ban, as attempted in the past (Warfa
et al., 2007). Rather, balanced and evidence-based action should be
favored, including raising awareness about inherent health
dangers, the development of harm reduction and regulation
mechanisms, and the development of alternative ways of income
generation.
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